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Purpose: To evaluate APT (APT) for its analgesic effects and influence on serum cortisol and
IL-6 levels after cesarean section.
Methods: 108 puerperae prepared for cesarean section were randomly divided into three
treatment groups: APT, patient-controlled intravenous analgesia (PCIA), and a combination
of APT and PCIA. The degrees of incision pain (including pain at rest and pain evoked by
changing position in bed) and oxytocin-mediated uterine cramping pain were determined
using a visual analogue scale (VAS). The serum concentrations of cortisol and IL-6 were
measured preoperatively and postoperatively.
Results: Uterine cramping pain was lower in the APT group than the PCIA group and
lowest in the combination therapy group. Incision pain was similar between the APT
group and the PCIA group but lower in the combination therapy group. On the second
morning after surgery, the serum concentrations of cortisol and IL-6 were similar be-
tween the APT group and the PCIA group but lower in the combination therapy group.
The extent of pain was highly related to cortisol levels and moderately related to IL-6
levels.
Conclusion: APT can relieve uterine cramping pain after cesarean section, and in combi-
nation with PCIA can decrease serum levels of cortisol and IL-6.
Copyright © 2015, Chinese Nursing Association. Production and hosting by Elsevier
(Singapore) Pte Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).nce and Technology Program in Hangzhou (Code: 2013Z06).
ng).
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The Chinese cesarean section rate is much higher than the
10%e15% advocated by the World Health Organization [1],
and minimizing postoperative pain is a key issue. After
cesarean section, the pain mainly comes from the incision
and the uterus. Uterine pain occurs due to intense con-
tractions generated by a complex mechanism and is usu-
ally not addressed satisfactorily by analgesic drugs alone
[2]. Auricular-plaster therapy (APT), based on traditional
Chinese medicine theory, is not only analgesic for post-
operative pain, but also for other acute pain. The therapy
works simply, quickly, and economically, achieving suffi-
cient analgesia with few side effects [3]. In the present
study, we used APT to ease pain after cesarean section and
determined the serum levels of cortisol and IL-6.
Postoperative pain is a common stress response, affecting
the neuroendocrine immunoregulatory network. This leads to
changes in the levels of hormones and cytokines, such as
cortisol, IL-6, TNF-a, etc [23]. The serum cortisol level is a
sensitive index, increasing with increased pain [24]. IL-6 is a
pro-inflammatory cytokine that stimulates pain receptors
directly and indirectly by increasing prostaglandin, as well as
increasing the sensitivity of the peripheral and central ner-
vous systems, leading to hyperalgesia [25].2. Design and methods
2.1. Subjects
This study included 108 puerperae in the Hangzhou Chinese
Medical Hospital obstetrics ward with elective cesarean
section from July 2012 to May 2013. The subjects were
randomly divided into three treatment groups (36 subjects/
group): patient-controlled intravenous analgesia (PCIA), APT,
and combination therapy (APT with PCIA). Inclusion criteria
were: primipara; 21e34 years of age; 37e42 weeks of gesta-
tion; implementation of cesarean section; and consent
informed. Exclusion criteria were: other disease; mental
illness; endocrine breast defects; complications; chronic
pain; and history of severe dysmenorrheal. Subjects who
resorted to other methods for treating pain, or had serious
postoperative complications, were removed from the study.
The study was approved by the ethics committee of the
hospital.
2.2. Methods
2.2.1. Interventions
The PCIA pump was turned on within 0.5 h after the subject
returned to the obstetrics ward. The pump contained 100 ml
of saline with 100 ug of sufentanil and 10 mg of tropisetron.
The flow rate was 2 ml/h. One press of the pump delivered
0.5 ml, and the subject had to wait 15 min before receiving
another delivery. In the APT group, trained researchers
implemented the therapy within 0.5 h after the subject
returned to the obstetrics ward. After the ear was disinfected
with 75% alcohol, vaccaria seeds were positioned onacupoints of the ear, including “zi gong”, “pen qiang”, “shen
men,” and “pi zhi xia”. Pressure was applied with the index
finger and thumb, causing temporary swelling and pain. The
therapy was conducted by members of study group three
times per day.The combination therapy group received both
treatments. All treatments lasted two days, i.e. until 48 h
after cesarean section.
2.2.2. Observation and collection
2.2.2.1. General information. Information was recorded,
including: age of puerperae, weight of puerperae, length of
gestation, baby weight, baby gender, previous surgeries, etc.
2.2.2.2. Degree of pain. Pain was assessed by using visual
analogue scale (VAS): a 10 cm-long ruled scale with the ends
representing painless (0 cm, 0 points) and excruciating pain
(10 cm, 10 points). The subject indicated the amount of pain on
the scale, and the nurses noted the VAS score. VAS scores of
incision pain (pain at rest and when turning) were recorded at
6, 12, 24, and 48 h after surgery and when blood was collected
on the second morning after surgery. VAS scores of uterine
pain were recorded within 15 min after intravenous infusion
of oxytocin was started on the first and second days after
surgery.
Four subjects were removed from the study: one subject in
the PCIA group because of a defect in the pump, two subjects
in the APT group due to the use of other analgesic measures,
and one subject in the combination therapy group. Therefore,
the total dropout rate was 3.7%.
2.2.2.3. Concentrations of serum cortisol and IL-6. Peripheral
blood (4 ml) was collected at 7:30e8:00 on the day of surgery
and the second day after surgery. Cortisol levels were quan-
tified by chemiluminescence, using IMMULITE2000 Cortisol.
IL-6 levels were quantified by ELISA.
2.3. Statistical analysis
Data were analyzed by one-way ANOVA and LSD tests, chi-
square test, and linear correlation analysis using SPSS17.0
software. Statistical significance was set at p < 0.05.3. Results
3.1. Baseline data (Table 1)
3.2. Incision pain
3.2.1. Comparisons of rest pain at 6, 12, and 24 h
Comparisons of the APT group to the PCIA group yielded non-
significant p values of 0.07, 0.329, and 0.636 at the three time-
points, respectively (Table 2). However, the combination
therapy group exhibited significantly lower VAS scores of rest
pain at the three time-points: p values were 0.026, 0.049, and
0.020 with respect to the PCIA group and 0.000, 0.004, 0.006
with respect to the APT group. At 48 h, there were no signifi-
cant differences in rest pain among the three groups.
Table 1 e Comparison of baseline data of 3 groups (x±s).
Domain PCIA group
(n¼35)
Auricular-plaster
group (n¼34)
Auricular-plaster
Therapy with PCIA
group (n¼35)
Comparison
Statistics P
Age (y) 28.74 ± 4.16 28.97 ± 2.87 28.21 ± 2.20 0.67a 0.515
Pregnant days (day) 273.91 ± 6.61 274.97 ± 7.03 272.40 ± 6.84 1.24a 0.294
Mom weight (Kg) 67.56 ± 5.91 69.80 ± 8.96 68.90 ± 7.34 0.78a 0.461
Baby weight (g) 3427.71 ± 314.60 3550.59 ± 391.99 3364.00 ± 314.30 2.64a 0.076
Baby gender (M/F) 20/15 25/9 22/13 2.08b 0.354
Previous surgery (Yes/no) 2/33 3/31 2/33 / /
Preoperative pain (yes/no) 5/30 4/30 3/32 / /
Preoperative cor
concentration (nmol/L)
23.99 ± 5.67 23.21 ± 5.62 23.65 ± 6.48 0.15a 0.861
Preoperative IL-6
concentration (ng/L)
27.21 ± 4.36 27.76 ± 3.42 28.09 ± 3.91 0.46a 0.635
a F value.
b c2 value.
Table 2 e VAS scores of rest pain.
Group n 6 h 12 h 24 h 48 h
PCIA 35 3.20 ± 1.23 3.54 ± 1.01 2.62 ± 1.00 0.57 ± 0.70
APT 34 3.74 ± 1.24 3.88 ± 1.59 2.76 ± 1.18 0.65 ± 0.81
Combination 35 2.54 ± 1.17* 2.86 ± 1.63* 1.96 ± 1.36* 0.51 ± 1.07
F value 8.355 4.574 4.750 0.200
p value <0.001 0.013 0.013 0.819
Statistical significance was determined by LSD test. *: p < 0.05 compared with the PCIA group, p < 0.01 compared with the APT group.
Table 3 e VAS score of turning pain.
Group n 6 h 12 h 24 h 48 h
PCIA 35 5.34 ± 1.59 5.77 ± 1.48 4.66 ± 1.28 2.34 ± 0.80
APT 34 5.62 ± 1.60 5.64 ± 1.70 4.88 ± 1.37 2.56 ± 1.26
Combination 35 4.57 ± 1.22* 4.51 ± 1.17* 3.94 ± 1.39* 2.17 ± 1.04
F value 4.672 7.802 4.598 1.179
p value 0.011 0.001 0.012 0.312
Statistical significance was determined by LSD test. *: p<0.05 compared with the PCIA group, p<0.01 compared with the APT group.
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Comparisons of the APT group to the PCIA group yielded non-
significant p values of 0.442, 0.725, and 0.489 at the three time-
points, respectively (Table 3). However, the combination
therapy group exhibited significantly lower VAS scores of
turning pain at the three time-points: p values were 0.031,
0.001, and 0.029 with respect to the PCIA group and 0.004,
0.002, and 0.005 with respect to the APT group. At 48 h, there
were no significant differences in turning pain among the
three groups.Table 4 e VAS scores of uterine pain.
Group n Day of surgery
PCIA 35 4.74 ± 1.63*
APT 34 3.12 ± 2.04
Combination 35 3.77 ± 1.90
F value 6.663
p value 0.002
Statistical significancewas determined by LSD test. *: p< 0.01 comparedwith3.3. Uterine pain
The uterine pain VAS scores of the APT group were signifi-
cantly lower than those of the PCIA group on all three days,
with P values of 0.000, 0.003 and 0.004 (Table 4). Similarly, the
VAS score of the combination therapy group were signifi-
cantly lower than those of the PCIA group on all three days,
with P values of 0.031, 0.036 and 0.025. Comparisons of the APT
group to the combination therapy group yielded non-
significant p values of 0.148, 0.337 and 0.502.Postoperative
Day 1
Postoperative
Day 2
4.49 ± 1.74* 2.45 ± 1.29*
3.03 ± 2.22 1.38 ± 1.54
3.49 ± 1.92 1.62 ± 1.70
4.970 4.77
0.009 0.01
theAPT group, p< 0.05 comparedwith the combination therapy group.
Table 5 e Serum cortisol concentrations.
Group n Day of surgery Postoperative
Day 2
Paired t test
t p value
PCIA 35 662 ± 156 776 ± 126 5.957 ＜0.001
APT 34 640 ± 155 785 ± 131 6.318 ＜0.001
Combination 35 653 ± 179 703 ± 166* 3.372 0.002
F value
p value
0.150 3.453
0.861 0.035
Statistical significance was determined by LSD test. *: p ¼ 0.009 compared with the PCIA group, p ¼ 0.005 compared with the APT group.
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3.4.1. Concentration of cortisol
The preoperative levels of serum cortisol were similar be-
tween the three groups and rose significantly over the next
two days (Table 5). On the second morning after surgery, the
serum levels of cortisol in the APT group and the PCIA group
were still similar. However, the serum cortisol levels in the
combination therapy group were significantly lower than
those in the APT group (p ¼ 0.005) and the PCIA group
(p ¼ 0.009). Hence, the pre-to postoperative rise in serum
cortisol levels was lower in the combination therapy group
than the APT group (p ¼ 0.001) and the PCIA group
(p ¼ 0.021).
3.4.2. Concentration of IL-6
The preoperative levels of serum IL-6 were similar between
the three groups and rose significantly in the two mono-
therapy groups over the next two days (Table 6). On the second
morning after surgery, the serum IL-6 levels in the APT group
and the PCIA group were still not significantly different
(p ¼ 0.073). In contrast, the serum IL-6 levels in the combina-
tion therapy group did not rise over the two days, and were
thus significantly lower than the levels in the APT group
(p ¼ 0.024) and the PCIA group (p < 0.01).3.5. Correlation between incision pain and serum levels
of cortisol and IL-6
The incision pain VAS scores (rest pain plus turning pain) on
the second morning after surgery correlated with the serum
levels of cortisol and IL-6 on that day (Table 7).Table 6 e Serum IL-6 concentrations (ng/L).
Group n Day of surgery
PCIA 35 27.6 ± 4.2
APT 34 27.8 ± 3.4
Combination 35 28.1 ± 3.9
F value
p value
0.132
0.876
Statistical significance was determined by LSD test. *:p < 0.01 compared4. Discussion
4.1. APT can effectively relieve pain after cesarean
section
In traditional Chinese medicine, pain after cesarean section is
due to surgical trauma, blood spilling out of meridians, blood
stasis, andmeridian blockage [4]. Pressing acupuncture points
on the ears can smooth the meridians and clear the blood
stasis, helping to achieve postoperative analgesia. The appli-
cation of auricular diagnosis to disease treatment has a long
history, dating back over 2100 years. Classic books of tradi-
tional Chinese medicine indicate that the ears are closely
linked to the twelve meridians, so stimulating acupuncture
points on the ears can regulate human organs via the merid-
ians and increase pain thresholds [5] as well as releasing
muscle spasms and relaxing tense muscles [6]. Modern
studies [7,8] show that the mechanism of analgesia involves
the brainstem reticular formation, posterior horn of the spinal
cord, medulla oblongata and other centers of sensorimotor
integration in brain. The ears are rich in sympathetic, para-
sympathetic, and vagus nerves, so the effects of APT likely
occur by nerve regulation.
Analgesic drugs have side effects that may threaten the
puerperae or baby, so we used APT to relieve pain safely and
effectively after cesarean section. The PCIA group served as
the control group, since sufentanil (in the PCIA pump) is a
potent opioid with a clear analgesic component. We found
that the analgesic effects of APT were similar to those of PCIA,
consistent with a previous study [9]. The acupuncture points
of “Zi Gong” and “Pen Qiang” can act on the surgical site
through the meridians. “Shen Men” and “Pi Zhixia” can regu-
late the excitement and inhibition of subcortical nerve centersPostoperative
Day 2
Paired t test
t value p value
30.8 ± 3.1 4.933 ＜0.001
29.3 ± 3.2 2.314 0.027
27.4 ± 4.1* 1.069 0.293
8.586
0.000
with the PCIA group, p ¼ 0.024 compared with APT group.
Table 7 e Correlation between incision pain and levels of
cortisol and IL-6.
Analyte r p value
Cortisol 0.775 <0.01
IL-6 0.599 <0.01
Note: r  0.7 ¼ highly correlated; 0.4  r < 0.7 ¼ moderately
correlated.
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anti-inflammatory effects [10]. Another study showed that
postoperative analgesia by APT is rapid, long, and reliable [11].
At 6, 12, and 24 h after surgery, the combination therapy (APT
with PCIA) had a better analgesic effect than did PCIA alone,
consistent with a study by Liang et al. [12]. In addition to its
“immediate effect,” the APT also exhibited a “follow-up effect”
[13].
Uterine cramping pain occurs due to intense contractions
of the uterus and is usually not satisfactorily treated by
analgesic drugs alone [2]. APT, specifically the “Zi Gong”
points, was previously shown to provide relief for uterine
cramping through excitement of sympathetic nerves that
relieve uterine muscle spasms [14]. We found that the pain
scores of the APT group were significantly lower than those of
the PCIA group, showing that APT was better than PCIA for
uterine cramping pain. Therefore, APT can relieve pain after
cesarean section, especially uterine cramping pain. APT has
also been used to alleviate other sources of visceral pain,
including primary dysmenorrhea [15] and endometriosis [16].
Zhu Bing [17] noted that the connection between acupuncture
points and visceral pain was not coincidence, but based on a
series of morphological and physiological functions. Visceral
behalf of the district is in the ear concha region pharynx
tongue e vagus nerve sensory fiber distribution area, vagus
nerve involved in the regulation of visceral nociception
[18e20]. Several studies confirmed that stimulating the vagus
nerve concha could alleviate visceral pain [21]. Animal ex-
periments found that auricular acupuncture may reduce
noxious stimuli transmitted to the hub by inhibiting visceral
afferent fibers [22].
4.2. Influence of auricular-plaster therapy on serum
cortisol and IL-6 levels
Postoperative analgesia can reduce not only the pain caused
by the surgery, but also the inflammatory pain that develops
afterwards: the release of inflammatory cytokines is reduced,
decreasing the sensitivity to pain [26]. Ji et al. confirmed that
the analgesic remifentanil works by decreasing the serum
levels of cortisol and IL-6 [27]. Hence, these two markers can
be used as objective indicators of the response to pain. We
found that the pain scores in all three groups were highly
correlated with serum cortisol levels and moderately corre-
lated with serum IL-6 levels.
On the morning of the second day after surgery, the serum
concentration of cortisol in the combination therapy group
was significantly lower than in the two monotherapy groups.
Zhang et al. found that both the pain score and the serum level
of cortisol were significantly higher in a PCIA group than in an
epidural analgesia group after thoracotomy [28]. In studies[29,30] investigating the effects of different analgesics on
serum cortisol levels, the pain scores correlated with the
serum concentration of cortisol. Therefore, the better the
analgesic effect, the lower the pain score and the lower the
serum concentration of cortisol.
The postoperative serum concentration of IL-6 can also
reflect the degree of pain. We found that IL-6 concentrations
were lower in the combination therapy group than in either
monotherapy group. Xiu et al. found that after pelvic surgery,
pain scores and serum IL-6 levels were lower in an epidural
analgesia group than in an intravenous analgesia group [31].
Other studies also found that the lower the pain score, the
lower the serum IL-6 concentration [32,33]. Thus, the better
the postoperative analgesia, the lower the IL-6 concentration.
In this study, APT was found to, on its own or in combi-
nation with PCIA, relieve pain and lower serum levels of
cortisol and IL-6 after cesarean section. These results provide
evidence for puerperae to select effective non-drug methods
of analgesia after cesarean section. We collected blood sam-
ples only on the morning of surgery and the second morning
after surgery, thus giving us only a basic view of how APT
changes serum cortisol and IL-6 levels. We hope that a larger
cohort will be studied, with more time-points and objective
indicators, to further characterize this promising therapy for
postoperative pain.r e f e r e n c e s
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